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Demand for a new battery technology

Billions of devices Sensors everywhere
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for compact, safe, rechargeable energy sources
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Requirements for new battery technology

Miniaturization e Fit in tiny mobile devices

' e Stand-alone power source

Ultra-low power

Rechargeable e Up to 1000 charging cycles
SMT-compatible e Cost-efficient mass production
Safe e Must not leak, burn or explode

Solid-state batteries are the only solution

able to meet all key requirements
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Comparison of solid-state battery technologies

Thin-film Bulk (pouch cell) Ceramic multilayer

Negative
Electrode r ‘
Solid Electrolyte Negative Electrode Solid k | |
Structure [ | Sl I f
_mtr'ale = Positive | | |
Positive Electrode Elestrode = = L J
Electrode Material  Conductive additive  Solid Electrolyte
Thickness 0.2 mm to ~1 mm >1 mm 0.2 mm to ~3 mm
Smallest
- 4 mm?2 >100 mm?2 0.5 mm?
footprint
Process cost High Medium Low
PP Tran restriction M waterproof
Limitations ansport restrictions ust be waterproofed to None

for Li metal (flights)  prevent generation of H,S

Ceramic multilayer technology offers the cost-optimized,

high volume manufacture of safe batteries for loT devices
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Introducing CeraCharge™ — the world’s first
solid-state, SMT-compatible Li-ion battery

Li-ion battery CeraCharge™ All solid state

Gas relief Electrode terminal

valve All-ceramic multilayer battery
o '/( e High safety
Negative e SMT-compatible

electrode  High-energy e Suitable for reflow soldering
Separator ~ Li-ion battery

Positive technology
electrode
Organic electrolyte (Li-ion) ' \ External
electrode
Multilayer ceramic Electrolyte:
Li-based
IRERCHE S EHE —/ ceramic °Xidw
— Dielectric High-volume Inner electrode: o Bt
: I — Li-based
" External production ceramic oxide
electrode ~ PFOCESS — \ Charge
/ collector: Cu
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Unique features of CeraCharge

All-

ceramic
structure

e Cannot leak
e Cannot burn
e Cannot explode

= World‘s smallest

SMT- > Safe Robust
compatible = Rechargeable design

e Reflow solderable > Easy to

bl e \Wide temperature
e Embeddable assemble

range
¢ No need to change battery e Suitable for vacuum
e Available in EIA case sizes applications
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CeraCharge — World‘s first rechargeable
solid-state SMD battery

CeraCharge 1812

Nominal voltage [V] 1.4
Operating voltage [Vopl O0to1.6
Nominal capacity [WAR] 100 £20
Nominal discharge current [uA] 20

Operating temperature [°C] -20 to +80

Case size [EIA] 1812
Dimensions [Mm] 4.5x3.2x1.1
Initial inner resistance [Q] <200
Weight [0] 0.045

CeraCharge offers 1000 times the capacity of a capacitor in the same case size

© EPCOS AG 2017

Technologies & Products Press Conference 2017 « CeraCharge™ World’s first rechargeable solid-state SMD battery ATDléng?gp ??7?5’""”%

(ES) Equipements Scientifiques SA - Dépar Comp & Modules - 127 rue de Buzenval BP 26 - 92380 Garches
Tél. 01 47 95 99 84 - Fax. 01 47 01 16 22 - e-mail: comp@es-france.com - Site Web: www.es-france.com




Attracting Tomorrow & I DK

CeraCharge features fast and pulsed discharging

Typical discharge curves Typical pulse power

Nominal capacity

1.8 7.0
Nominal % S 6.0 -
voltage B B0 -
s z X
® 1.0 —— 02C 82 40 -
g 5< 30
) — (2] 0 -
E 0.6 e E 2
0-2 — 5 C 1.0 n .
— 10C 0 —
10 40 90 140 Pulse length [s] 8x10 1 60 <2400
Discharge capacity [pAh] Discharge current 50 C 30C 10C 1C

1C = 100 pA

Can be connected in both series and parallel for maximum design flexibility
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Comparison of energy storage devices

106
104
b LD @ oy
ot ‘ Battery
= ° Non SMD
< 100 s
E o)
> @
'O ) CeraCharge™ 1812 s EDLC | All-ceramic structure
g 10 () O Cannot leak
S 0603 S M D Cannot burn
Cannot explode
104 &
. SMT-compatible
Reflow solderable
106 MLCCs Available in EIA case sizes
No need for battery change
(100 mF = 100 pAh)
1009 101 102 103 10% 10° 106
Volume [mm?]
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Main applications for CeraCharge

Real-time clock Internet of Things: Beacon
Backup battery Energy storage (battery)
; é CHARGE E E. ----------- x-p-pul-iuc-é-ti-énn- .“E
MCU - : bl E \ H A
| i ] | | | o - PMIC . BLE
; BACK-UP i Solar (CV output) | module MCU
Llco  f i RTC ' cell ; Sensor
ml R _ S
CeraCharge™ CeraCharge™
Energy harvesting Wearables
Energy storage Sub-battery for voltage and current smoothing
EN threshold control Appllcatlon _______________________________
) Ener?.y - :  RF : . Application  :
unit :: Capacitor : : - — e

2 S : source (CV output) "= module | MCU
5 : en:sor CeraCharge™ : :
RN O . Sensor | :
Surplus | : E

power &TDK Li battery
(main
battery)

CeraCharge™
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Outlook

First samples of CeraCharge 1812/100pAh
available

Mass production starting Summer 2018
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